Possible relationships have been proposed between the concentrations of selenium in plasma and the incidence of certain diseases, e.g., arteriosclerosis (1,2) and cancer (3,4). Low Se concentrations may be a risk factor, whereas high concentrations may be somewhat protective against these conditions. So far, only case-control studies have been carried out to support this hypothesis, the most reliable being those conducted on frozen materials, stored for use in cohort studies. In fact, the lack of accurate, simple, quick, and inexpensive analytical methods for determination of Se in plasma has hindered the development of appropriate longitudinal epidemiological studies, with immediate measurements of Se in fresh samples.
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We have improved Zeeman atomic absorption spectrometric determination of selenium in serum by using an acidic solution of Ag + Cu + Mg as a matrix modifier and performing the chamng step in flowing 02. Under these conditions, we could calibrate serum results with selenium standards in bovine albumin solutions. Mean analytical recovery was 98%, and the CV was Possible relationships have been proposed between the concentrations of selenium in plasma and the incidence of certain diseases, e.g., arteriosclerosis (1,2) and cancer (3,4). Low Se concentrations may be a risk factor, whereas high concentrations may be somewhat protective against these conditions. So far, only case-control studies have been carried out to support this hypothesis, the most reliable being those conducted on frozen materials, stored for use in cohort studies. In fact, the lack of accurate, simple, quick, and inexpensive analytical methods for determination of Se in plasma has hindered the development of appropriate longitudinal epidemiological studies, with immediate measurements of Se in fresh samples.
At present, Zeeman atomic absorption spectrometry Here we describe a reliable procedure for determining serum Se after simple dilution. We use Zeeman AAS with a L'vov platform; Cu, Ag, and Mg as matrix modifiers;and a charring step in flowing 02 gas.
The matrix-matched calibrationstandards are prepared in an aqueous solution containing 70 g of bovine serum albumin (BSA) and 9 g of NaC1 per liter.
Materials and Methods

Instrumentation.
For atomic absorption measurements we used a Model 5000 atomic absorption spectrophotometer with Zeeman background corrector, a Model 500 graphite furnace, an AS-40 autosampler, a Model 3600 data station, and an electrodeless discharge lamp for Se (all from PerkinElmer Corp., Norwalk, CT 06856). Dilutions were made with a computerized automatic pipetting system (PD 100; Crony Instruments s.r.l., Rome, Italy). Pyrocoated graphite tubes and pyrolitic graphite L'vov platforms were from Perkin-Elnier.
Reagents. We used doubly distified water for all reagents and standard solutions. Working standard solutions were prepared from a stock 1 g/L standard solution of selenious acid (BDH Chemicals Ltd., Poole, U.K.). Bovine serum albumin (Cohn Fraction V; SorinBiomedica,Verceffi, Italy) and NaC1 (99.999% "Gold Label";Aldrich-Chemie,Steinheim, F.R.G.) were used for the preparation of the standards. Matrix modifiers were Cu(N03)2 .3 H20 (99.5% "AnalaR"; BDH Chemicals Ltd.), AgNO3 ("AnalytiCals"; Carlo Erba, Milano, Italy), Mg(N03)2 6 H20 and HNO3, 65% (both "Suprapur"; Merck, Darmstadt, F.R.G.). We diluted samples and standards with a 2 milL aqueous solution of TritonX-100 (BDH Chemicals Ltd.). Bovine serum Reference Material (RM) 8419, human serum Standard Reference Fresh samples of human serum were collected from subjects belonging to a population sampled from central Italy, enrolled in epidemiological studies.
Procedures.
Matrix-matched calibrating standard solutions were prepared by diluting the 1 g/L Se solution in a P-E Zeeman/5000 196.0nm 0.7nm (low) Peak area 6W The matrix-modifier solution we prepared contained, per liter, 1 g of AgNO3, 2 g of Cu(N03)2 . 3 H20, 2 g of Mg(N03)2 6 H20, and 4 mL of 65% (i.e., concentrated) HNO3.
After diluting the serum samples and the calibrating standard materials threefold with the 2 mLIL Triton X-100 solution, we injectedinto the furnace 15 L of the diluted solution, followed by 15 jL of the matrix-modifier solution. The calibration standards were analyzed in duplicate and the serum samples as singletons.
The analysis sequences were as follows: 12 subjects' samples (singleton), one control sample (singleton), blank (singleton), calibrating standards (duplicate), and 13 different subjects'samples (singleton).
The spectrophotometric conditions and the settingsof the graphite furnace are shown in Table 1 . Table 2) .
Results and Discussion
We tested the precision withinruns by analyzing 50 fresh human serum samples in duplicate with Se concentrations ranging from 75 to 128 g/L (mean value: 90), and the precision between runs by measuring 84 human serum samples with a mean Se concentration of 96 g/L. The pooled standard deviation was calculated in both cases and yielded the following CVm values: 1.8%, 2.9%.
The detection limit, calculatedas three times the blank standard deviation, was 8.15 zg/L in the undiluted sample. ing mean values of 82 (SD 9.9) for the boys and 78 (SD 9.3) pg/L for the girls.
Under the conditions described above we could calibrate serum results with matrix-matched selenium standards. We used a Zeeman-effect background corrector to avoid the welldocumented spectral interferences found for the Se determination in biological materials in the presence of iron and phosphate (5, 6,9-11).
The literature also reports various substances used as matrix modifiers, to avoid Se losses at temperatures >300#{176}C. The Ni addition previously described by Ediger has been successfully applied in many cases. Alternatively, Ag, Cu, Fe, Mo, and Cd were used, sometimes with contradictory results. We found that Cu addition as compared with the use of Ni solutions improves sensitivity in serum Se determination (Figure 2) . Nevertheless, owing to the progressive accumulation of carbonaceous residues on the platform after a few firings, with this method we obtained progressively lower values (up to 90 1zg/L),for the NBS SRM 909.
The introduction of a charring step in flowing 02 decreased the problem but did not completely eliminate it. Furthermore, most fresh human sera did not behave the same as the Reference Material in the presence of carbonaceousresidues, sowe assumed that the thermal stabilization was incomplete, causing different Se losses in the presence -/, -: peakheight; -peakarea ofdifferent matrices (e.g., fresh sera compared with lyophilized control materials).
We were able to improve both matrix combustion and Se stabilization by adding AgNO3 and Mg(N03)2 to the Cu solution. No residue then formed during the whole lifetime of the tube.
We also investigated the possibility of eliminating the charring step in flowing 02, analyzing 42 samples, both with and without 02. Student's paired-data t-test showed no significant differences between the two groups of data (P >0.35).
In contrast, for SRM 909 we observed a significant difference (P <0.0025) between the mean values obtained with the two procedures: 106 pgfL (SD 2.4, n = 30) with 02 and 103 pg/L (SD 2.6, n = 9) without 02.
Previously described methods (6, ?) required the analyteaddition technique for calibration, because the calibration curves obtained with aqueous standards were 5 to 30% steeper than the curves for serum sample addition. Consequently, to save time in routine work, operators might be tempted to prepare a calibration curve by using serumbased control materials, although it is recommended to maintain an operationaldistinction between the use of control materials and calibration standards (12). Therefore, the possibility of performing calibration curves with BSAbased standard solutions is a particularly valuable one, in order to apply the procedure to routine analysis. Recently, WeIz eta!. claimed that the use of a mixed (Cu + Fe) matrix A modifier makes serum sample addition curves strictly paral-0 300 lel to an acidic aqueous solution calibration curve (6). In our experience, these curves still show a slope approximately . Even though Student's paired-data t-test showed a significantdifference between the two groups of data (P <0.05), it may be considered negligible for practical purposes. We also studied the effect of varying the biological matrix 0 on the apparent Se concentration in serum. For this purpose we added Se-free bovine serum albumin to pools of fresh human sera and to an aliquot of SRM 909, and on the other hand, we decreased the concentration of the biological matrix by diluting 1 to 1.5 an aliquot of SRM 909 and a pool of fresh human sera. The results of the Se measurements (Table 3) show that no considerable differences in the Se concentration can be observed in relation to variations in protein concentration of up to about 30% when measurements are carried out with the proposed method.
To evaluate the possibility of extending the procedure to analysis for Se in blood, we also prepared calibration curves with Se-supplemented bovine blood. The curves were linear up to Se concentrations of 120 pg/L, but their slopes were 3 to 7% lower than the slopes of curves for BSA-based a Mean of eight measurements (and standard deviation). bCalcolated from Se measurements in the undiluted samples. solutions. Evidently this latter calibration procedure is not suitable in this Case.
In conclusion: our procedure is particularly valuable for application in epidemiological screenings, being reliable and relatively simple and rapid. Indeed, the reliability of our method, in terms of accuracy and precision, compares favorably with that reported for other Se determination procedures. Particularly, its precision is undoubtedly better than that obtained by other authors (6-9, 13-16) with V8110U8 AAS techniques, ranging from 4 to 10%, and is comparable with that obtained with the ID-MS procedure (8). Accuracy is generally better than that obtained with other methods (6-B, 16,1 7) -but it should be mentioned that very few data on accuracy are reported in the literature. Therefore, we wish to point out that the performance of this method has been assessed according to the IFCC recommendations for evaluation of analytical methods in clinical chemistry (18).
